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ABSTRACT

The purpose of this research was to develop anduateatransdermal therapeutic
system of drug Colchicine with different concemtratof drug and hydrophobic (ethyl
cellulose) polymeric system by the solvent evapmoratechnique by using di-butyl
phthalate to the polymer weight incorporated assptazer. The physiochemical
compatibility of the drug and polymer was studied thin layer chromatography
method. Formulated transdermal patches were phijgicvaluated with regard to
thickness, weight variation, drug content, flatnegdding endurance, percentage
moisture content, percentage moisture loss and miapour transmission rate. All
prepared formulations indicated good physical digbiln vitro permeation studies of
formulations were performed by using skin membradihe. release profile of optimized
formulation indicated that the permeation of theglfrom the patches was governed by
a diffusion mechanism. All formulations showed Higik. These results indicate that
formulations gives better permeation of Colchicine.

Key words: Colchicine, transdermal patch, drug contemy/itro permeation study.

INTRODUCTION

One goal of controlled-release pharmaceutical dmdagns is to establish relatively
constant plasma drug concentration, avoiding thekgend valleys associated with
intermittent dosage form. Transdermal drug deliverstems (TDDS) are dosage forms
designed to deliver a therapeutically effective amaf drug across a patient’s skin. In
order to deliver therapeutic agents through the dwrskin for systemic effects, the
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comprehensive morphological, biophysical and plogiemical properties of the skin
are to be considered [1-2].

US FDA approved the first transdermal patch in 198his patch delivered
scopolamine, a drug which suppresses nausea andingponm motion sickness [3].
Treatment of chronic disease such as asthma, rheidrathritis by transdermal route
of drug administration might prove to have sevalantages over the other routes of
administration over the last two decades; more 8tatransdermal products have been
approved [4]. This rapid increase in market valas ed to transdermal drug delivery
becoming one of the fastest growing sectors wigtarmaceutical industry [5].

The skin is one of the most extensive and readitessible organs of the human body.
It covers an area of about Z and at any point in time is in contact with aboneé third

of all blood circulating through the body [6]. Skionsists of three layers: Epidermis,
Dermis and Hypodermis (Subcutaneous tissue). Tieeliraiting step in percutaneous

absorption of most drugs appears to be passagagthtbe stratum corneum [7-9].

In the past topically applied dermatological drugere used for localized treatment of
skin disease only. Recently due to a better unaiedgtg of the anatomy and physiology
of the skin as well as a more thorough understandinpercutaneous absorption, the
limited permeability of human skin has also beenlized for systemic drug
administration [10].

Colchicine is obtained from the fully developededriwhole corns, collected before
flowering. The colchicine has a specific clinicdleet in the treatment of acute gout.
Colchicine can be administered both orally andawgnously. Its anticancer properties
are attributed to its ability to bind itself to wlm, the protein subunit of microtubules. It
also has anti mitotic activity [11]. Colchicin&{5, 5, 7, 9-Tetrahydro-1, 2, 3, 10-
tetramethoxy-9- oxobenzo [alpha] heptalen-7-ylYtacede] [12-13 occur in the form
of pale yellow colour, amorphous powder. It is fyesoluble in water (45 mg/ml),
chloroform, and benzene (10 mg/ml). Colchicinesightly soluble in ether (4.5
mg/ml). It having 399.5 dalton molecular weight andlts at about 145°C. To bypass
the first pass hepatic metabolism which degrades pgbtency of the molecule,
transdermal patch of Colchicine incorporated withlymer base were prepared to
facilitate the drug release, has been formulatddl [1

MATERIALS AND METHODS
Materials

Colchicine (Yucca enterprises, Mumbai), Chloroformj butyl phthalate, Ethyl
cellulose, Poly ethylene Glycol 6000 etc. all cheats are purchased by CDH lab.
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Equipments

UV Visible Spectrophotometer SHIMADZU UV- 1700 PShimadzu Corporation,
Japan, Thermostatic hot air oven, Single pan ébattbalance- Dhona- 100 DS, pH
Strip, Magnetic stirrers and Magnetic Beads, VacuDesiccators, Glass beakers,
Measuring Cylinders, Graduated pipettes, Funnetpafating funnels Volumetric
flasks, Filter papers, Scissors, Forceps, Clamps @iands, Tripod Stands, Butter
papers, Test tubes, Glass plates, Glass rods, Hathlwer, Surgical blades, Surgical
gloves.

Solubility determination

An excess amount of drug was taken and dissolvecheasured amount of solvent
system having distilled water in to glass vialsgi saturated solutions. The solution
was kept at rest for 24 hours to assist the at@amraf equilibrium with the dissolving
drug particles. From these solutions, the supembateas filtered to separate the
undissolved drug particle and diluted suitably @mel concentration was measured in
UV spectrophotometer. Same procedures were folldamedoth drug and data for each
and every experiment was obtained in triplicate statically analyzed.

Partition coefficient

The octanol- phosphate buffer pH 7.4 partition weeasure of the relative lipophilicity
nature of a compound. The partition coefficientred drugs was determined by shaking
equal volume of octanol and phosphate buffer pH(@queous phase) in a separating
funnel for 10 minutes and allow to stand for 24 iso’he aqueous phase was assayed
before and after partitioning to get the partitiooefficients. Similarly skin/vehicle
partition coefficients were determined by usingnskistead of octanol. Data for each
and every experiment was obtained in triplicate statistically analyzed [15].

Preparation of pig skin

From a Kareli abattoir, ear was obtained from fhgsaughtered pigs. The skin was
removed carefully from the outer region of the aad separated from the underlying
cartilage with a scalpel. After separating the thickness skin, the fat adhering to the
dermis side was removed using a scalpel and isgpadpohol. Finally the skin was
washed with tap water and stored at refrigerat@uminum foil packing and was used
within two days.

Procedure of passive permeation through pig skin

The in vitro permeation studies were conducted using verticdl ttdbe cell having a
receptor compartment capacity 50 ml. the exciséa wlas mounted on the top of test
tube with the dermis in contact with receptor fl{Rphosphate buffer pH 7.4) and was
equilibrated for 240 minutes. The receiving chantizt a volume of 50 ml and the area
available for diffusion was about 1.13 &rithe fluid in the receptor compartment was
maintained 37+ .5° C. initially the skin membranaswslightly dipped in the receiving
chamber. The entire assembly was kept on a magsttier and the solution in the
receiver compartment was stirred continuously usinghagnetic bead. The sample
solution was withdrawn from receiving chamber autar time intervals and assayed
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using spectrophotometer. The cumulative amountrof gpermeated per énof skin
was plotted against time.

Preparation of transdermal patches of Colchicine

Drug in adhesive type patch were prepared usinylE#llulose and poly ethylene
glycol 6000in formulations F-1, F-2, F-3 as adhesive polym&rchloroform and
menthol .5% w/v in ethanol was used as the solMenbutyl phthalate were used as
plasticizer and cross-linker. The optimized patonmulation was used for further
studies.Ethyl cellulose and poly ethylene glycol 600@&re dissolved in a solvent
mixture chloroform and menthol. A known quantityugmn of Colchicine was added to
each polymeric solution. Under continuous stirrithigg solutions were allowed to set in
the containers for visual checking of whether tihegdwas dissolved or not. Patches
were prepared using a glass plates. The solutiantveasferred to a glycerin spread
glass plates. The films were dried in a room tem@jpee to evaporate the solvents [16].

Table 1: Formulation details of Colchicine transdemal patch

Ingredients F1 F2 F3
Colchicine 25 mg 50 mg 100 md
Ethyl Cellulose 1400 mg 1400 nmg 1400 mg
PEG 6000 140 mg| 140mg 140 mg
Dibutyl phthalate 0.7 ml 0.7 ml 0.7 ml
Menthol(0.5% w/v in ethanol) 0.1 ml 0.1 mi 0.1 ml
Chloroform 7.0 ml 7.0 ml 7.0 ml

Thickness of film
The film thicknesses of prepared patch were medshye difference using Vernier

calipers. The prepared patch was measured at ififleeet points [17-18

Weight variation study

The study was carried out on three films obtaineunf casting solution. The mean
weight of the film as well as the deviation frone tinean was obtained and the data was
recorded. The weight of each patch was taken usimgje pan Dhona balance with
sensitivity of 0.01 mg [19-20].

Folding endurance

Evaluation of folding endurance involves determgnthe folding capacity of the films
subjected to frequent extreme condition of foldiRglding endurance was determined
by repeatedly folding the film at the same placel uinbroke. The number of times the
film could be folded at the same place without kiegwas the folding endurance [21].

Percentage flatness

A transdermal patch should possess a smooth swafatshould not constrict with time.
This can be demonstrated with flatness study. latmdss determination, one strip is cut
from the centre and two from each side of patcAd® length of each strip was
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measured and variation in length was measured teyrdming % flatness. Zero percent
constriction is equivalent to 100% flatness.

% constriction =4 I, / 13 x 100
Where,
I,= Initial length of each strip,
}= Final length of each strip [22, 23].

Percentage moisture content

The prepared patches were cut into 20 X 20 mmsstvyere weighed individually and
kept in a desiccators containing silica indicatiyge (Blue) at room temperature for 24
h. The films were reweighed individually until a nstant weight was obtained.
Percentage of moisture content was then calculadsdd on the change in the weight
with respect to the initial weight of the film.

% Moisture content = X- Y /Y x 100
Where,
X = Initial weight
Y = Final weight [24, 25].

Percentage moisture uptake

The water absorption capacities of various filmsrevdetermined at 82% relative
humidity (RH). Films were cut into 20 X 20 mm s#jpwere weighed, kept in
desiccators at room temperature for 24 h, removebexposed to RH conditions of
82% (containing saturated solution of potassiunoritié) in different desiccators at
room temperature. Weight was taken periodicallyl anconstant weight was obtained.
The water absorption capacity of the films (in weigo) was calculated in terms of
percentage increase in the weight of film overittigal weight of the strip.

% Moisture uptake = Y- X/ 'Y x 100
Where,
X = Initial Weight
Y = Final Weight [22, 24, 26].

Water vapour transmission rate
Glass vial of equal diameter were used as trangmis®lls. These transmission cells
were washed thoroughly and dried in an oven. Tlepared film was fixed over the
edge of the glass vial containing 3 gm of fusedioat chloride as a desiccant by using
an adhesive. Then the vial was placed in a desiccaintaining saturated solution of
potassium chloride. The vial was taken out periaitircand weighed for a period of 72
h. The experimental was performed in triplicate #melaverage values were calculated
and given result.

WVT = WL/S
Where,
W = Water vapour transmitting in gm.
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L = Thickness of the patch in cm.
S = Exposed surface area in cm. [27-28].

Drug interaction study

Thin layer chromatography was performed to assegdsrderaction between the drug
and the excipients. The solvent systeonsisted ethyl acetate — methanol — water
(100:13.5:10 v/viv). The data was obtained caledlan terms of Rvalue [29-30].

Drug content uniformity

A film of size 10 mm x 10 mm was cut into smallges and put in a 50 ml phosphate
buffer saline 7.4 pH. This was then shaken in ahaeical shaker for 2 hours to get a
homogenous solution and filtered. Then appropritiigion was done. Data for each
and every experiment was obtained in triplicate statistically analyzed. The drug was
determined spectroscopically at 350 nm after slatdlution [24, 31].

In vitro drug permeation of Colchicine transdermal patch through egg membrane
Preparation of Egg membrane:-

From local departmental store EGG was purchase. skite was removed carefully
from the outer region of the egg and separated filmenunderlying membrane. The
outer skin of egg was removed with the help of .HCI with constant stirring. After
separating the full membrane, the membrane wasedagith using phosphate buffer
ph 7.4. The membrane was now able to use for fugkyerimental work.

Procedure of Drug Diffusion through Egg Membrane:

The in vitro permeation studies were conducted using verticdl ttdbe cell having a
receptor compartment capacity 50 ml. The exciseyl ragmbrane was mounted with
the prepared patch on the top of test tube withntleenbrane in contact with receptor
fluid (Phosphate buffer pH 7.4) and was equilitdater 210 minutes. The receiving
chamber had a volume of 50 ml and the area avaifabldiffusion was about 1.13 ém
The fluid in the receptor compartment was main@id&+ .5° C. initially the egg
membrane was slightly dipped in the receiving chembhe entire assembly was kept
on a magnetic stirrer and the solution in the remreicompartment was stirred
continuously using a magnetic bead. The sampldisnlwas withdrawn from receiving
chamber at regular time intervals and replaced dpyak volumes of fresh receptor
medium and assayed using spectrophotometer. Theewstation of colchicine
permeated was determined spectrophotometricallg5@t nm after suitable dilution
against blank of phosphate buffer saline 7.4 pHUWyV. spectrophotometer. The
cumulative amount of drug permeated pef ofrskin was plotted against time [32-33].

RESULTS AND DISCUSSION
The present study is to develop and evaluate temnmsl patch of Colchicine using
polymer as ethyl cellulose and PEG 6000 as plasticiThe prepared formulation were
evaluated for different physiochemical charactesssuch as thickness study, folding
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endurance, content uniformity, % moisture contéfatmoisture loss, flatness, weight
variation. The release characteristics of formalaiwere studied im vitro conditions.

In vitro permeation studies were carried out inggt@te buffer saline pH 7.4. in order
to find out the order of release and the mechamsich predominately influence of the
drug release from the membrane. The slope valudstlam degree of linearity of

graphical treatments were considered as importatistical parameters to interpret the
in vitro profile of all formulations. All the formulationshow better results for

physiochemical evaluation aivlvitro release.

Colchicine was scanned in the UV wavelength regbr200-500 nm for maximum
absorption X max). Theh max was found to be at 350 nm that were samepastesl
value. (Figl.) Linear relationship was observedween the concentration and
absorbance value in the range of 5 to 30 pg/mbpESt0.0391, R=0.9925)
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Fig. No. 1. Calibration curve for Colchicine in phsphate buffer saline pH 7.4

Table No. 2. Solubility and partition coefficient d colchicine transdermal patch:

Parameters Trial 1 Trial 2 Trial 3 Mean + S.D.
Solubility mg/m| 41.18 36.64 | 42.19 40.002.956

(in dist. water)
Partition coefficient
(Octanol : Phosphate buffer)

0.80 0.94 0.81 0.85+0.064
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Table No. 3. Thickness study of Colchicine transdenal patch

Thickness (mm.)
Formulation | Sample | Sample | Sample | Sample | Sample | Sample Averagezx S.D.
No. 1 No.2 No.3 No.4 No.5 No.6
F1 0.0200 0.0191 0.0186 0.0198 0.0200 0.0218 0.8198010
F2 0.0200 0.0196 0.0200 0.0186 0.0189 0.0200 0.819®B006
F3 0.0200 0.0188 0.0216 0.0181 0.0209 0.01P8 0.8198012

Table No. 4. Weight variation study of Colchicine tansdermal patch

Weight variation (mg.)
Formulation Sample | Sample | Sample | Sample | Sample | Sample | Averagez S.D.
No. 1 No.2 No.3 No.4 No.5 No.6
F1 57 54 59 56 58 57 56.833 £1.772
F2 91 87 95 94 88 90 90.833 + 3.188
F3 148 144 152 146 150 149 148.167 *2.857

Table No. 5. Flatness study of Colchicine transderat patch

Formulation Initial length (cm. Final length (cm. o o
Trial | Trial | Trial Trial | Trial | Trial - 0
Code 1 5 3 Avg. 1 5 3 Avg. | Constriction Flatness
F1 12.0 3.0 65| 7.17 12. 3.G 6.5 7.17 0 100
F2 11.0 4.0 58| 6.93 11.( 4.( 58 6.p3 0 100
F3 10.5 2.5 7.1 6.7] 10.5 2.5 7.1 67 0 100
Table No. 6. Folding endurance study of Colchicinr'ansdermal patch
. Folding endurance
Formulation code Trial 11 Trial 2| Trial 3 Average + S.D.
F1 34 35 36 35 +1.000
F2 36 37 36 36 £ 0.577
F3 35 38 35 36 +1.732
Table No. 7. Moisture uptake study of Colchicine tansdermal patch
Formulation Day 1 weight (mg.)Av Day 2 weight (mg.')o\v % Moisture
code Triall | Trial2 | Trial3 9 | Triall | Trial2 | Trial3 /9. uptake
weight weight
F1 58 57 57 57.33 87 84 83 84.66 47.67
F2 91 89 89 89.66 96 94 93 94.38 5.20
F3 148 144 144 145.33 15¢ 153 154 15433 6.19
Table No. 8. Moisture content study of Colchicineransdermal patch
i i i 0,
Formulation Day 1 weight (mg.) Day 2 weight (mg.) Day 3 weiglfing.) Moigure
code Triall | Trial2 | Trial3| Triall| Trial2| Trial3| Trialll Tal2 | Trial3 content
F1 58 57 58 56 55 57 56 55 57 2.99
F2 91 90 91 91 88 89 91 88 89 1.50
F3 148 146 145 146 144 144 14p 144 144 1.1%
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Table No. 9. Drug excipient interaction study

Sample No.| Rvalue for Patch | R value of Colchicine std. drug| Interaction
F1 0.62 0.61 Not found
F2 0.62 0.61 Not found
F3 0.61 0.61 Not found

Table No. 10. Water vapour transmission rate study

Batch No. | Water vapour transmitted in (gm) | Water vgour transmission rate (mg/ cm)
F1 1.66 0.873
F2 1.55 0.815
F3 1.67 0.878

Table No. 11. Drug content uniformity study

Batch code TCrZi(;?tlent_lEJrrilg‘lozrml't_I)_/ri‘ﬁ)l 3 Drug content uniformity %
F1 97.56| 98.52] 96.52 97.53
F2 98.21| 94.36] 97.58 96.71
F3 96.48| 97.39] 98.36 97.41

Table No. 12. Cumulative permeation profile of Colhicine patch in phosphate buffer saline 7.4 pH
for formulation 1

Time (min.) C.llj_:?al:llitlve p(_arrrrir;tlegnon (?ﬂ;ﬁrﬁ) Cumulative release (mg.) +S.D
15 0.265 0.242 0.282 0.263+0.0200
30 0.302 0.275 0.318 0.298+0.0214
60 0.365 0.351 0.394 0.370 +0.0219
90 0.392 0.404 0.377 0.391+0.0135
120 0.398 0.411 0.376 0.395+0.0176
150 0.336 0.347 0.242 0.308+0.0577
180 0.354 0.434 0.24 0.342+0.0974
210 0.435 0.46 0.266 0.387+0.1055
0.6

0.5 1

0.4 1

0.3

0.2 A

0.1

Cumulative permeatiol
(mg/cm2)

0 30 60 90 120 150 180 210 240

Time (min.)

Fig. No. 2. Cumulative permeation profile of Colchtine patch in phosphate buffer saline 7.4 pH for
formulation 1
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Table No. 13. Cumulative permeation profile of Colhicine patch in phosphate buffer saline 7.4 pH
for formulation 2

Time (min.) | Cumulative permeation (mg/cnf) .
Trial 1 Trial 2 Trial 3 Cumulative release (mg.) + S.D

15 0.361 0.394 0.315 0.356 + 0.0396
30 0.315 0.278 0.329 0.307 + 0.0263
60 0.322 0.269 0.350 0.313 + 0.0411
90 0.266 0.297 0.263 0.275 + 0.0188
120 0.407 0.391 0.418 0.405 + 0.0135
150 0.531 0.595 0.517 0.547 + 0.0415
180 0.390 0.418 0.330 0.379 + 0.0449
210 0.310 0.317 0.286 0.304 +0.0162

_ 0.7
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2 06

Q

% S 0.5

o g 0.4 1

q) ~

= 203

g E

=] 0.2

g 0.1

@)
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0 30 60 90 120 150 180 210 240
Time (min.)

Fig No. 3.Cumulative permeation profile of Colchicine patch h phosphate buffer saline 7.4 pH for
formulation 2

Table No. 14. Cumulative permeation profile of Colhicine patch in phosphate buffer saline 7.4 pH
for formulation 3

Time (min.) C.llj_?atjllitlve p?rrrrir;legtmn (T'?igzln;) Cumulative release (mg.) + S.D
15 0.318 0.312 0.335 0.321 +0.0119
30 0.363 0.297 0.400 0.353 +0.0521
60 0.398 0.327 0.440 0.388 + 0.0571
90 0.451 0.375 0.531 0.452 + 0.0780
120 0.500 0.385 0.527 0.470 + 0.0754
150 0.347 0.216 0.374 0.312 + 0.0845
180 0.423 0.282 0.466 0.390 + 0.0962
210 0.354 0.296 0.419 0.356 + 0.0615
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Fig No. 4. Cumulative permeation profile of Colchime patch in phosphate buffer saline 7.4 pH for

formulation 3

Table No. 15. Steady state flux, permeability andiffusion coefficient of different formulation of

colchicine patches

Formulation Steady state flux Diffusion coefficient Permeability coefficient
code (mg/h/cm) (cm?/s) (cm/h)
F1 0.025 1.400%x 10 0.0595
F2 0.092 0.9741x10 0.0414
F3 0.099 0.6918x10 0.0294
0.12
S o1 -
£ \ \
2 0.08
E \
E, 0.06
) |
£ 0.04 \
» L \
2 0.02 \\§
5
&7 0
F1 F2 F3

Different formulation of Colchicine patch

Fig. No. 5. Comparision of steady state flux betweedifferent formulations of Colchicine patch
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The solubility of drug Colchicine was determined water. The solubility studies
indicate that the drug is freely soluble in wated avery soluble in chloroform and
benzene. (Table No. 2.) The hydrophilic and hyHodpc nature was again established
by performing Octanol : Phosphate buffer saline pt4 which was found to be 0.85
+0.0637. This indicates these have the greatenigfftowards the lipoidal skin. This
partitioning value near to unity is the indicatiwehydrophilic and hydrophobic nature
of the drug shows that the drug is good candidaterdnsdermal drug delivery. (Table
No. 2.)

The physiochemical evaluations of the formulatibase been shown different physical
characteristic which change according to the foatohs. The film exhibited thickness
F1 =0.0198+0.0010, F2 0.0195 + 0.0006 and F3 @@19.0012 and weight F1 56.833
+1.772, F2 90.833 £ 3.188 and F3 148.167 + 2.86able No. 3 and 4) The thickness
was approximately close to every formulation andgiMewas found to be maximum for
F3 and minimum for F1 due to viscosity variation paflymeric solution used in the
polymeric films.

The percentage flatness data of the prepared patol shown in Table No. 5. It was
evident that there was no much deviation in thimélss reveals uniform patches.

The folding endurance of the films varied form 33 0 36 £ 1.732 number of fold.
From results found that the folding endurance ofig-8reater then F1 and F2. (Table
No. 6.)

The higher percentage of moisture uptake and nreistontent was found in
formulation F1 47.67 and 2.99 respectively whictyrha due to the hydrophobic nature
of polymer used. (Table No. 7. and 8.)

Interaction studies were carried out to ascertaiy iateraction of the drug with the

excipient used in the preparation of TDDS. The dewgipient interaction study was

performed with the help of thin layer chromatognaplable No. 9. The study found that
the every formulation was interaction free. Theulssindicate that the drug remain
intact in TDDS and there was negligible chemic#&tnaction between the drug and the
excipient there in.

The WVTR was 0.873 mg/chfor F1, 0.815 mg/cffor F2 and 0.878 mg/chfior F3.
Maximum WVTR was seen in F3. (Table No. 9.)

The drug content uniformity of the prepared fomfatations have shown in Table No.
11. That the process used to prepare the filmbignstudy was capable of giving films

with uniform drug content. The content found toilé&1 = 97.53% was greater then the
F2 =96.71% and F3 = 97.41%.
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In vitro skin permeation studies predintvivo performance of drug. It was performed
on pig ear skin. The drug release is shown inlR@.2, 3 and 4. and in Table no. 12, 13
and 14. The formulation showed good linearity.

The value of permeation parameters are depictedlainle No. 15 and Fig No. 5.
Although steady state flux is the most therapellficalevant parameter, permeability
coefficient are usually used for comparison purpdsas evident the permeability
coefficient decreased with the increase in donaceaotration.

CONCLUSION

This study demonstrated that a novel transdermad delivery system (TDDS) patch
composed of Colchicine. The patches were prepasat wethyl cellulose and PEG
6000 along with various solvent such as chlorofoethanol and di-butyl phthalate as
plasticizer. The obtained patch was thin, flexildejooth and yellowish in colour.
Thickness, weight and drug content of all the fdatian remained uniformly with low
SD values. Percentage moisture content and Pegeemt@isture loss was decreased
with the higher concentration of Colchicine. Preghpatch was found 0% constriction
or 100% flatness with good folding capacily. vitro drug release study through skin
membrane of formulation F1, F2 and F3 showed betwease pattern and
physiochemical characteristics. In conclusion thesent data confirm the feasibility of
developing Colchicine transdermal patches on angtmil scale. Further studies, now
in progress, will deal with the application of theesently reported findings to human
skin permeation, involving pharmacodynamic and piaokinetic testing.
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